Background: Animal experiments suggest that exposure to elevated levels of androgens during development by means of so-called hormonal programming causes metabolic aberrations at adulthood. An indirect strategy to address the possible importance of such an influence also in humans would be to study female dizygotic twins, presuming that those with a twin brotherFdue to diffusion of testosteroneFhave been exposed to higher androgen levels prenatally. Design: We have compared 8409 women with a male twin with 9166 women with a dizygotic female twin with respect to self-reported indices of anthropometry and metabolic aberrations at age 42 or older. Results: Body mass index (BMI), body weight and rate of dyslipidemia were moderately, but significantly, higher in women from opposite-sexed (OS) twin pairs; splitting for age revealed this difference to be present in those X60 years of age only.
Introduction
Numerous studies suggest that prenatal factors influence the risk for metabolic aberrations in adulthood, [1] [2] [3] but as yet few of these factors have been identified. Sex steroids exerting a permanent influence on the developing brain, and this influence being important for gender differences in behaviour, is well established, 4, 5 and recent studies suggest that such an influence may alsoFsecondary to effects on the brain or by means of a direct influence on peripheral organsFimpact metabolism in the adult organism. 6 In this vein, we have reported that female rats receiving one dose of testosterone in the early postnatal phase display reduced insulin sensitivity, increased mesenteric adipose tissue and increased serum levels of cholesterol and triglycerides as compared with controls. 7, 8 Similar results have also been obtained by others 9 and in studies using non-human primates. 6, 10, 11 The methodological possibilities to examine whether interindividual variations in the early exposure to sexual steroids influence anthropometry and metabolism at adulthood also in humans unfortunately are limited. An accumulating body of evidence, however, suggests that the possible importance of interindividual differences in early androgen exposure on various traits in adult women can be addressed by comparing women with a male twin with women from same-sexed (SS) twin pairs. Previous studies thus suggest that dizygotic female twins from opposite-sexed (OS) twin pairs, as compared with those from SS pairs, display increased tooth crown size, 12 lower second to fourth digit ratio, 13 enhanced aggressive behaviour, 14 enhanced sensation seeking 15 and rule-breaking behaviour, 16 a more masculine pattern of cerebral lateralisation 15 and a lower frequency of eating disorders. 17 It should, however, be noted that most of these studies have been based on relatively small twin samples and that there are also studies failing to detect a difference between SS and OS female twins with respect to behaviour. [18] [19] [20] The possible influence of having a dizygotic twin brother on anthropometry and metabolism in adult women has, to our knowledge, never before been studied. The aim of this study was to test the hypothesis that having a dizygotic male twin may exert a subtle influence of the phenotype of an adult woman by exploring such relationships in a very large cohort of twins. More specifically, we wanted to explore if one, by adopting this strategy, may obtain support for the notion that the influences of early androgen exposure on metabolic traits previously observed in experimental animals are relevant also for humans.
Subjects and methods

Cohort
The cohort studied was that of the 'Screening Across the LifespanFTwin study, 21, 22 which is based on a nearly complete registration of all twin births in Sweden between 1886 and 1958. All data were collected over the telephone by trained interviewers between March 1998 and January 2003 using a computer-based data collection system. Of the 61 005 living twins aged 42 or older at the time of screening, 44 919, or 73.6%, responded. Of those who did not respond, 9366 were refusals (15.3%), whereas the others could not be traced or were unable to participate in an interview. As the hypothesis addressed in this study was that the sex of the co-twin influences the phenotype of female, dizygotic twins, male subjects and monozygous twins were excluded, as were 378 subjects for which zygosity was uncertain. A letter regarding the study was sent out to the participants before the telephone call, and informed verbal consent was obtained before interview. The project was approved by the Swedish Data Inspection Authority and by the Ethics Committee of the Karolinska Institute. As detailed elsewhere, zygosity was assigned using standard self-report items, which when validated against biological markers, were 495% accurate. 21 
Statistics
Prompted by previous findings in animal experiments
showing early administration of androgens to influence fat tissue, serum lipid levels and insulin sensitivity, and in order to reduce the problem of multiple comparisons, we decided a priori that the two groups (that is, women with a male dizygotic twin and women with a female dizygotic twin) should be compared primarily with respect to three parameters only, that are, body mass index (BMI), self-reported hyperlipidemia and self-reported diabetes mellitus type II. As a significant difference between groups with respect to BMI was observed, also height, weight and self-reported birth weight were, however, assessed in subsequent analyses. For SS twin pairs, information from both twins, when available, was included in the model; to control for dependence within pairs, the generalised estimated equation was used for all analyses. For comparisons of groups with respect to continuous outcome variables, that is, BMI, weight and height, a normal distribution and an identity link function were assumed. For comparisons of groups with respect to dichotomous traits, that is, self-reported dyslipidemia yes/ no, self-reported type II diabetes yes/no, overweight yes/no and underweight yes/no, a binomial distribution with a logit link function were used. To adjust for age differences between the two groups, age at the time of interview was added as a covariate in all analyses with the exception of the one concerning self-reported weight at birth. All data analyses were carried out using SPSS (Version 15.0) software (IBM, Somers, NY, USA). The P-values presented have not been corrected for the fact that four different phenotypes had been assessed.
Results
In total, data could be obtained from 17 575 female dizygotic twins, 8409 of which had a male twin and 9166 of which had a female twin. When information from both twins within an SS pair was available, both women were included; thus, 6826 of the 9166 women from SS twin pairs belonged to a twin pair where both the twins participated in the study. As all subjects had not provided information regarding all parameters of interest, the n:s differ between analyses. The age range was 42-93 for the OS group and 42-103 for the SS group. Mean age was 59 ± 10 for the OS group and 61 ± 12 for the SS group. All results are shown in Table 1 . BMI was found to be moderately but significantly higher in women with OS twins than in those with SS twins. Although there was no Abbreviations: BMI, body mass index; OS, opposite-sexed; SS, same-sexed. a non-significant after correction for multiple comparisons.
Influence of having a male twin on BMI C Alexanderson et al difference in height, women with male twins displayed larger body weight than those with female twins. Self-reported birth weight, on the other hand, did not differ between groups. Self-reported dyslipidemia was significantly more common in women with a male twin as compared with those with a female twin. Self-reported diabetes mellitus, on the other hand, was somewhat more common in women from SS twin pairs; this significance (unlike the other significances reported), however, would not have survived correction for multiple comparisons and should hence be interpreted with caution.
To further explore the nature of the association between sex of co-twin and BMI, the percentage of subjects in the two groups being underweight (BMIo18.5) or overweight (BMI425), as defined by the World Health Organization, was compared. Although there was no difference between the OS and SS groups in the percentage of subjects being underweight, there was a significantly higher percentage of overweight subjects in women with male twins. As the number of subjects defined as underweight using the established criterion of BMIo18.5 was small, we also compared the OS and SS groups with respect to the rate of subjects displaying low weight as defined as a BMI o23, that is, when using a cut-off yielding a percentage similar to that obtained with the 425 definition of overweight (E40%). This comparison revealed a higher percentage of subjects with relatively low BMI in the SS group, but the P-value for this difference was higher than that for the corresponding comparisons of those with BMI425.
To explore the possible influence of age on the observed differences with respect to body weight, BMI and dysplipidemia, the cohort was split into those being less than 60 years of age and those being 60 years or older. In those o60 years of age, there was no significant difference with respect to body weight or BMI. In those being X60 years of age, on the other hand, the difference between groups was significant for both weight and BMI. Moreover, excluding all subjects below the age of 50 yielded a lower P-value for BMI (P ¼ 6.8 Â 10
À5
) than that obtained when all subjects were included. Dyslipidemia, on the other hand, was more common both in subjects aged below and above 60 years of age.
Discussion
Although having a male twin could be expected to enhance androgen exposure in utero, this effect is probably modest in comparison to interindividual variations in androgenisation caused by other factors, such as variation in maternal androgen production, genetically determined differences in androgen responsiveness in the foetus and so on. Moreover, the traits assessed in this study obviously are influenced by a large number of disparate genetic and environmental determinants. A possible effect of having a male twin on parameters, such as BMI or risk for dyslipidemia, hence must be expected to be very small in magnitude. The underlying rational for this study hence was to try to obtain proof of the concept that early hormonal programming may exert an influence on the studied parameters by analysing a very large number of twins, hereby yielding the power to detect also modest changes between groups. In line with this, the differences observed were indeed small; yet the levels of significance for the differences with respect to BMI, weight and dyslipidemia (but not diabetes) strongly suggest that the observed differences are not accidental but factual.
Although there is no direct evidence for the assumption that the differences observed are due to enhanced androgen exposure in utero, this explanation is not farfetched, given (i) that previous studies do suggest females of OS twin pairs to display indices of enhanced prenatal androgen exposure, and (ii) that our observations regarding BMI and dyslipidemia are perfectly in line with previous findings in experimental animals (see above).
Alternative explanations should, however, also be considered. In previous studies aiming to demonstrate an influence of early androgen exposure on differences between women with male twins and those with female twins, the possible importance of having grown up with a brother or sister, respectively, on the behaviour of the studied subjects, has been discussed as a possible confounder. Arguing against the possibility that the differences observed in this study are because of differences in habits acquired during childhood and adolescence, there were, however, no differences between groups in subjects below 60 years of age. The observed effects having a late onset is, on the other hand, not incompatible with the notion that they are caused by hormonal programming; it may, for example, be speculated that high serum levels of estradiol before menopause counteracts the influence of early hormonal programming on metabolism.
Another explanation to our observations would be that having a twin brother rather than a twin sister might influence intrauterine nutrition, leading to programming effects influencing food intake later in life. The observation that there were no differences between groups with respect birth weight, however, lends no support for this theory. It should be noted, although, that our data on birth weight are based on self-report, and hence uncertain; on the other hand, they are in line with a previous report by Orlebeke et al. 23 also showing no difference between OS and SS twins with respect to birth weight. Of note is that we did not observe an enhanced risk for type II diabetes in the OS group, in spite of the fact that OS subjects displayed other features of the metabolic syndrome more often than SS women, and in spite of the fact that animal experiments suggest early androgenisation to promote reduced insulin sensitivity. 6, 7, 10, 11 In fact, contrary to what we had expected, there was a reduced prevalence of diabetes in the OS group, which, however, should be interpreted with caution, as this statistical significance would not have survived correction for multiple comparisons. This tendency, in conjunction with the fact Influence of having a male twin on BMI C Alexanderson et al that OS women did not display enhanced risk for diabetes in spite of displaying enhanced risk for high BMI, suggest that having a male twin may in fact protect against type II diabetes by means of an as yet unknown mechanism. It should be emphasised that the study is based on selfreported data, which may to some extent be unreliable, for example, with respect to a condition such as dyslipedemia, that may often go unrecognized. This methodological shortcoming is, however, not likely to explain the highly significant differences observed when comparing OS and SS twins.
To conclude, after having assessed a cohort large enough to enable the detection also of minor effects, we are prompted to make two proposals. First, we suggest that our data support the theory, put forward by others, that females with a male twin may be exposed to somewhat higher levels of androgens in utero than other females, and that one hence may obtain further knowledge regarding the possible importance of interindividual differences in early testosterone exposure by comparing such women with those with a female twin. Second, we suggest that early androgen exposure may not only influence brain development, and hence various aspects of behaviour, but also metabolism, indicating that the effects of early androgen exposure on metabolism and anthropometry previously observed in animal experiments are of relevance also for humans.
